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Factors Affecting the Determination of Available Lysine in Whey

with 2,4,6-Trinitrobenzene Sulfonic Acid
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Abstract

Lactose in cheese whey interferes with
the determination of biologically avail-
able lysine in whey proteins when the
reagent 2,4,6-trinitrobenzene  sulfonic
acid is employed. Loss of the epsilon-
TNP-derivative of lysine is dependent up-
on the amount of lactose in the test ma-
terial. The sample weight chosen for
analysis also influences results with this-
reagent. The larger the sample of either
pure protein or carbohydrate containing
material, the smaller the amount of
available lysine found. By careful selec-
tion of experimental conditions and by
application of a correction formula for
lactose interference, the available lysine
in whey protein can be rapidly approxi-
mated with the 2,4,6-trinitrobenzene sul-
fonic acid method. Results compare fa-
vorably with those obtained by an estab-
lished method.

Introduction

Economical salvage of cheese whey, an un-
derutilized source of high grade animal pro-
tein, has provided a challenge for consider-
able research. In our attempts to develop
methods for the fractionation and dehydration
of cheese whey, we became concerned about
the possible loss in whey nutrients, particularly
lysine, during processing.

The complete destruction of lysine in
processed foods through the browning reaction
or its conversion into biologically unavailable
_forms has been studied extensively (8, 10).
However, chemical methods for the determina-
tion of biologically available lysine in foods
remained complex and time consuming (2, 4,
11, 12). Accordingly, we were interested in a
procedure described recently by Kakade and
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Liener (9) in which 2,4,6-trinitrobenzene
sulfonic acid (TNBS) was used for the routine
assay of available lysine in numerous samples
of isolated proteins and dehydrated foods.

Our present paper describes the corrections
and modifications necessary to improve the ac-
curacy of the results when TNBS is used to de-
termine available lysine in whey based prod-
ucts.

Materials and Methods®

Whey proteins used to construct a model
system were obtained as follows: Acid whey
was obtained as a by-product from a com-
mercial Cottage cheese manufacturing opera-
tion in the Washington, D. C. area. This whey
was concentrated to 50% total solids, ex-
haustively dialyzed against distilled water at
4 C and lyophilized before analysis.

Samples of roller and spray dried sweet
wheys and lactalbumin were obtained from
plants in the Midwest.

Bovine serum albumin was purchased from
Mann Research Laboratories, New York City,
and p-lactoglobulin was prepared by the
method of Fox et al. (6).

Epsilon-trinitrophenyl (TNP)-L-lysine hy-
drochloride and  2,4-dinitrofluorobenzene
(DNFB) were purchased from Nutritional
Biochemicals Corp., Cleveland, Ohio. The
sodium salt of picryl sulfonic acid was a prod-
uct of Aldrich Chemical Co., Milwaukee,
Wis., and lactose powder and reagent grade
hydrochloric acid were bought from J. T.
Baker Chemical Co., Phillipsburg, N. J.

Nitrogen analyses were made by a standard
micro-Kjeldahl procedure (1). Lactose was de-
termined by the method of Fox et al. (5).
Total lysine in the samples was determined
with a  Beckman Model 120 C amino acid
analyzer in accordance with the method of -
Spackman et al. (13). Aliquots of each sample
suspended in 6 N HCl were sealed under
vacuum in Pyrex tubes and hydrolyzed at
110 C. Individual aliquots were hydrolyzed for
22, 46, and 70 hr to ascertain the maximum
amount of lysine liberated.

Available lysine was measured directly ac-
cording to the procedure of Kakade and



Liener (9). Variations in this procedure which
we consistently used included reduction in
sample size and amount of reagent. In routine
‘analyses, sample weights were adjusted to
yield .2 mg of protein per test. The amount of
TNBS reagent was reduced to .05% due to the
high absorbance it imparted to the blanks at
346 my. Blanks as well as samples were run
in triplicate. Blanks for the standard curve
were reagent blanks. All blanks for the samples
contained the protein sample. In experiments
where lactose was added to the standard solu-
tions or samples, equivalent amounts of lactose
were added to blanks. All absorbances were
measured on a Hitachi Model 101 spectro-
photometer, Filtrations were performed with
Whatman filter papers (numbers 2, 12, 42,
50).

“Blocked” lysine was measured as described
by Blom et al. (3) without addition of
dinitrophenol before hydrolysis. The quantity
of lysine which was blocked against reaction
with DNFB was measured on the amino acid
analyzer under the same operating conditions
as measure total lysine. The difference between
the blocked and total values is considered to
be the available lysine.

Results

In the analysis of protein foodstuffs, Kakade
and Liener (9) suggest that filtration of the
derivative containing solution after digestion
may be necessary to remove insoluble particu-
late matter. Figu:e 1 has two standard curves,
one constructed from data obtained by carry-
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ing varying amounts of E-TNP-L-lysine
through the procedure as recommended by
Kakade and Liener (9) and the other by in-
cluding a filtration. Blanks for the filtered
standard curve are also filtered. From this
figure it is obvious that derivative is lost dur-
ing filtration and must be corrected for if filtra-
tion is not routinely used during standard
curve construction and analyses of samples.
The four types of Whatman filter papers
yielded identical results.

The magnitude of the correction necessary
with a standard curve constructed from data
with unfiltered solutions to determine available
lysine in samples that require filtration is
shown in Figure 2. These data describe a typi-
cal binding curve. Consequently the necessary
correction becomes large when the amount of
colored derivative in the solution filtered is
small.

Derivative yield is influenced not only by
filtration but also by lactose in the system. This
is- shown in Figure 3 wherein four standard
curves are constructed with E-TNP-L-lysine
with the addition of varying lactose. From this
figure, it can be seen that increasing lactose re-
sults in increased destruction of the E-TNP-
L-lysine derivative. The maximum absorbance
of the derivative is not shifted from 346 mp
in the presence of hydrolyzed lactose.

The extent of this destruction of derivative
in a model system containing all the whey pro-
teins and varying amounts of lactose is shown
in Figure 4. The points are results obtained
with the TNBS procedure to determine avail-
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Fic. 1. Effect of filtration on the standard curve.
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Fic. 2. Correction curve for loss of derivative
due to filtration. The correction factor is the ratio
of the micrograms of E-TNP-L-lysine from the

able lysine in solutions containing .5 mg whey
protein and increasing amounts of lactose. The-
curve is exponential. Additional data obtained
in similar fashion are shown in Figure 5 as a
log-log plot. Least squares analysis showed the

filtered standard curve to the micrograms of E-
TNP-L-lysine from the unfiltered curve.

data represent a straight line described by the
equation:

log Y = —14936 + 0.9057 log X
where Y = % E-TNP-L-lysine derivative lost
and X = concentration of lactose in the sam-
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Fic. 3. Effect of added lactose on the filtered standard curve.
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Fic. 4. Effect of added lactose on a model whey straight line described by log Y = .225 + .0167
protein mixture containing .5 mg protein. The X.
method of averages analysis of the data yield a
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Fic. 5. Effect of added lactose on model whey protein mixtures of three different sample sizes.
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Fic. 6. Effect of sample size on the amount of
available lysine found in bovine serum albumin.

ple. The correlation coefficient is .880. We
employ this equation to correct our data for
lactose interference because it is useful over
a range of protein sample sizes. The ob-
served scatter in Figure 5 was attributable
to variation in protein sample size of from
.2 to .5 mg. Figure 6 demonstrates the effect
of protein sample size on the available lysine
of bovine serum albumin using the TNBS pro-
cedure. Increasing the amount of reagent did
not overcome this effect. Similar results were
obtained with g-lactoglobulin and whey pro-
tein containing products. Decreases in avail-
able lysine in these materials were not as large
as for bovine serum albumin for protein sam-
ple sizes below .4 mg.

If the protein sample size is standardized,
if allowance for loss of derivative due to filtra-
tion is made, and if the values are corrected
for lactose in the product, concurrence with
data procured by a more established method
can be observed. This is shown in Table 1. The
uncorrected lysine results are included for
comparison. Reasonable agreement exists be-
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The O sample size value is the amount of avail-
able lysine found by the blocked method.

tween the results obtained by the standardized
and corrected TNBS method as we have de-
veloped it and a minor variation of the
“blocked” lysine method of Blom et al. The
low available lysine in roller dried whey com-
pared to the others agrees with the nutrition-
al deficiency of roller dried products (10).

TaBLE 1. Available lysine determined by 2,4,6-
trinitrobenzene sulfonic acid (TNBS) and the
blocked method of four different whey powders.

Available lysine

Total Uncor- Cor-
lysine rected rected Blocked
TNBS TNBS method

(g/100g Protein-total N X 6.38)

Powder

Delactosed and

spray dried 694 431 618 631
Lactalbumin 979 1738 875 924
Spray dried 792 507 784 744
Roller dried 563 286 477 5.06




Discussion

It is possible to determine the relative
amount of available lysine in whey and whey
products by the TNBS procedure of Kakade
and Liener provided that our corrections and
modifications are employed. Our modified
method is relatively fast and needs only sim-
ple equipment. Precision of the method is such
that triplicate determinations should be run as
suggested in the original paper. However, we
found that it is also necessary to run triplicate
blanks.

The variation in results with protein sample
size is bothersome because, for whey products,
it seems to be independent of the protein-
reagent ratio. Handwerck et al. (7) suggested
that in the case of fluorodinitrobenzene
reagent, the epsilon-dinitrophenyl (DNP)-L-
lysine derivative is destroyed due to reduction
of the nitro groups during hydrolysis. Similar
DNP-derivative destruction during analysis
has been reported by Blom et al. Their sug-
gested method to overcome this destruction by
addition of dinitrophenol to the reaction mix-
ture could not be duplicated in our work.

Our corrected TNBS data agree with re-
sults procured by determining available ly-
sine as the difference between blocked and
total lysine. In Table 1 the results with TNBS
tend to be slightly low. However, when rela-
tive values are considered, our procedure gives

valuable information about the composition of

whey products.

References

(1) Association of Official Analytical Chemists.
1970. Official Methods of Analysis. 1lth
ed., p. 858. Washington, D. C.

(2) Bender, A. E. 1961. Determination of the

nutritive value of proteins by chemical
analysis. In Progress in Meeting Protein
Needs of Infants and Preschool Children,
pp. 407-424. Publ. 843. Nat. Acad. Sci,
Nat. Res. Coun., Washington, D. C.

(3) Blom, L., P. Hendricks, and J. Caris. 1967.
Determination of available lysine in foods.
Anal. Biochem., 21:382.

(4) Carpenter, K. J. 1960. The estimation of the
available lysine in animal-protein foods.
Biochem. J., 77:604.

(5) Fox, K. K., M. K. Harper, V. H. Holsinger,
and M. J. Pallansch. 1962. Colorimetric
measurement of lactose in dairy products.
J. Agr. Food Chem., 10:408.

(6) Fox, K. K., V. H. Holsinger, L. P. Posati,
and M. J. Pallansch. 1967. Separation of
p-lactoglobulin from other milk serum pro-
teins by trichloroacetic acid. J. Dairy Sci,,
50:1363.

(7) Handwerck, V., E. Bujard, and J. Mauron.
1960. The reduction of aromatic nitro
groups during acid hydrolysis in the pres-
ence of carbohydrates and its bearing on
the colorimetric determination of E-dinitro-
phenyl lysine. Biochem. J., 76:54P.

(8) Henry, K. M., and S. K. Kon. 1958. The nu-
tritive value of proteins: general consider-
ations. Proc. Nutrition Soc. 17:78.

(9) Kakade, M. L., and J. E. Liener. 1969. De-
termination of available lysine in proteins.
Anal. Biochem., 27:273.

(10) Mauron, J. 1961. The concept of amino acid
availability and its bearing on protein eval-
uation, In Progress in Meeting Protein
Needs of Infants and Preschool Children,
pp 425-442. Publ. 843. Nat. Acad. * Sci.,
Nat. Res. Coun., Washington, D. C.

(11) Rao, S. R., F. L. Carter, and V. L. Framp-
ton. 1963. Determination of available ly-
sine in oilseed meal proteins. Anal. Chem.,
35:1927.

(12) Roach, A. G, P. Sanderson, and D. R. Wil-
liams. 1967. Comparison of methods for
the determination of available lysine in an-
imal and vegetable protein sources. J. Sci.
Food Agr., 18:274.

(13) Spackman, D. H.,, W. H. Stein, and S.
Moore. 1958. Automatic recording appara-

tus for use in the chromatography of amino.
acids. Anal. Chem., 30:1190.



